® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



Publication number: 



0 124 676 

Al 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 838S0117.9 
(3) Date of filing: 04.05.83 



@ Int. CI.'; A 61 L 17/00 

C 08 B 37/00 



(§) Date of publication of application: 
14.11.84 Buttettn 84/46 

@ Designated Contracting States: 
AT BE CH rr U LU NL 



(tj) Applicant: IRD-Biomaterial AB 
Box 20105 

S-161 20 Bromma(SE) 

(72) Inventor: Golander, Carl-Gustaf 
Luntnnakargatan 63 
S-113 58 StockhoimiSE) 

^2) Inventor: Larsson, Rolf 
Rapsvagen 7 
S-170 10 Ekero(SE) 

(74) Representative: Burman.Tore et a(, 
Bergiing & Sundbergh AB P.O. Box 7645 
S-103 94 StockhclmCSE) 



CO 

eg 



@ A surface modified solid substrate and a method for its preparation. 
@ A surface modified substrate, wiierein the substrate car- 
ries a complex adsorbed thereto, which complex is of a 
potymeric cationic surfactant that contains primary amino 
nitrogens as well as secondary and/or tertiary amino nit- 
rogens, and a dtaldehyde that has 1-4 carbon atoms between 
the two aldehyde groups. To said complex there may addi- 
tionally be bonded an anionic compound and optionally 
altematingly additional cationic and anionic compounds. The 
modification primarily means that positive or negative 
charges can be imparted to the original substrate. Secondly, 
however, the point may be to utilize reactive groups in bonded 
cationic or anionic compounds. 

The surface modified substrate is prepared by contacting 
the substrate with the polymeric cationic surfactant and the 
dialdehyde at such conditions that a complex is formed, 
which is absorbed onto the substrate surface, and optionally 
continuing the ionic bonding with an anionic compound and 
possibly also altematingly additional cationic and anionic 
compounds. The potymeric cationic surfactant and the dial* 
dehyde are preferably utilized, separately or together, dissol- 
ved in a polar solvent, preferably water. The formation of the 
complex takes place at a pH-vaiue above 8, whereupon the 
charges are preferably created at a pH-value below 7. 
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TITLE 

A surface modified solid substrate and a method for 
its preparation. 

TECHNICAL FIELD 

The present invention relates to a surface modified 
substrate and to a method of surface modifying a substrate, 
i.e. to a method for the preparation of first-mentioned 
surface modified substrate • More specifically, the surface 
modification according to this invention generally implies 
that the substrate surface is furnished with ionic charges 
which can be of a positive or a negative character. The 
surface modification according to the invention means that 
such properties can be imparted to the substrate surface 
that anionic or cationic compounds can be adhered to the 
surface by means of ionic bonding so as to obtain a strong 
or a weak bonding strength. The choice between a strong or 
a weak ionic bonding- is dependent on the desired use of 
the invention, as will be illustrated more in detail be- 
low. However, the applicability of the invention is not 
restricted to the utilization of charges imparted to the 
surface, but the primary objective can also be another one, 
e.g. the incorporation of chemically reactive groups such 
as amino groups on the substrate surface, which will also 
be further illustriited below. Finally, it should be noted 
that the invention is applicable to surface modification 
of non-charged as well as charged materials, although the 
utilization in connection with non-charged surfaces may be 
especially interesting in many cases. 

In the field of surface treatment there is definite* 
ly a great need for methods for surface modification of 
commercially available standard materials for the pur- 
pose of achieving specific properties, "s examples of de- 
sired properties one may mention improv'ed wettability, 
altered adhesion characteristics, increased charge density 
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or enhanced access to chemically reactive groups. One spe- 
cific industrial problem has been to find a simple and 
versatile method for the preparation of charged surfaces. 
The availability of such a method is for instance a crucial 
prerequisite for the preparation of a heparinized surface 
according to Swedish Patent application No 7708296-4. Said 
preparation is based on the adsorption of charged colloidal 
particles to a surface having opposite charges. Generally 
speaking, however, there is certainly a great need for 
methods which would allow surface attachment of biological- 
ly active substances in a number of therapeutic and analyt- 
ic applications. 

The invention is applicable to several types of solid 
substrates, e.g. steel such as stainless steel, glass or 
polymeric materials. Thanks to the fact that the invention 
in general implies an incorporation of charges onto the 
surface, it is of course primarily of special interest in 
connection with more or less non-charged materials or mate- 
rials having insufficient surface charge density. In this 
context it should be noted that the expression "insuffi- 
cient surface charge density" cannot be adequately defined, 
as it is the ultimate application that determines how high 
the surface charge density should be in each separate case. 
However,, the invention is valuable in this respect as soon 
as a person skilled in the art can determine that the 
charge density of a substrate surface is inadequate for a 
specific purpose. However, it should be pointed out that 
it is useful also in those cases where the starting surface 
is already sufficiently charged. Thus, the principle of 
preparing modified substrate surfaces which are capable 
of accomplishing a strong or a weak bonding, by ionic or 
covalent bonding, to another substance, especially a poly- 
meric anionic compound, can equally well be utilized in 
connection with a surface that carries 'electrical charges. 
As hydrofobic materials of the polymeric material 
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type belong to the group of more or less uncharged mate- 
rials, the surfaces of which have previously been diffi- 
cult to modify by any simple procedure, it is appararent 
that the invention will be of considerable value in connec* 
5 tion with this type of materials. Among such materials 

reference can e.g. be made to some commonly used plastics 
I material within the medical field such as polyvinyl chlor- 

ide, polystyrene, po lyure thanes , silicon rubber, poly- 
tetrafluoroethylene (Teflon ® ) and not to forget the in- 
10 expensive and inert polyolef ines , especially polyethylene 
but also polypropylene. Stainless steel is also a material 
that could be very useful in for instance the medical 
field if it were modified according to the invention. 

15 PRIOR ART 

I In the above.-mentioned Swedish Patent application 

No 770 8296-4 there are disclosed some methods for intro- 
ducing surface charges, but without exceptions these carry 
various restrictions. Accordingly, an oxidation with con- 
20 centrated sulphuric acid containing an oxidative agent can 
only be applied to a few polymeric materials, and in addi- 
tion thereto the method implies severe environmental 
problems. Specific methods for etching e.g. stainless 
steel or polyvinylchloride cannot be applied to any other 

25 materials . 

GB-A-2 041 377 discloses bio- and blood compatible 
materials and methods but the disclosed principle differs 
^ from the one according to the present invention through 

the fact that according to said GB application one starts 
30 from a surface that has been provided with primary or se- 

condary amino groups e.g. by swelling of an ammo function- 
al silating agent dissolved in an organic solvent, which 
is activated with a difunctional aldehyde or aryl halide, 
whereupon the biological substance is bonded to those 
35 aldehyde or aryl halide groups which are free to extend 
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out o£ the surface. Thus, GB-A-2 ,041 , 377 does not disclose 
any method of obtaining surface bonded stable ionic com- 
plexes. Moreover, the method according to the present in-- 
vention shows the advantage that no organic solvent is to 

5 be utilized. 

SE Patent No 423,863 discloses the use of polyethyl- 
ene imine for the manufacture of a vascular prothesis. 
According to the disclosed method polyethylene imine is 
incorporated into pores of the material by allowing poly- 
10 ethylene imine to be fused into the pores, whereupon the 

polymer is made water insoluble by crosslinking. The amino 
groups are then quaternized and heparin is ionically bond- 
ed thereto. The applicability of the known method is ob- 
viously restricted to porous materials and it is not as 

15 simple and as generally applicable as the present inven- 
tion. 

DESCRIPTION OF THE INVENTION 

According to the present invention a simple solution 
20 to the above schematically described problems is obtained, 
which solution is also extremely satisfying as to the ob- 
tained properties. This is achieved by those characteris- 
tics which are claimed in th^ claims to th- surface modi- 
fied substrate and the method, respectively. 
25 The surface modified substrate according to the in- 

vention is thus characterized in that the non-modified 
substrate is provided with a complex of a polymeric cat- 
ionic surfactant which is adsorbed thereto and which con- 
tains primary amino nitrogen atoms as well as secondary 
30 and/or tertiary amino nitrogen atoms, and of a dialdehyde 

which has 1-4 carbon atoms between the two aldehyde groups, 
and that to said complex there is optionally bonded, by 
ionic bonding, an anionic compound and optionally alter- 
natingly additional cationic and anionic compounds, where- 
35 by the substrate surface can be positively or negatively 
charged. 
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The above-mentioned modified substrate accordi.ig 
to the invention can be obtained from starting substrates 
that are non-charged as well as charged. However, if the 
starting substrate already carries negative charges an 
5 embodiment of the surface modified substrate according to 
the invention may be a substrate v,.ich is characterized 
in that the non-modified substrate carries adsorbed there- 
to a polymeric cationic surfactant that contains primary 
amino nitrogens as well as secondary and/or tertiary amino 
10 nitrogens and , optionally ionically bonded to said . Surf actant 
a polymeric anionic compound P^^eferably of^the polysaccharide 
type, most preferably heparin. 

Another embodiment of the surface modified, solid 
substrate according to the invention in the case when the 
15 original non-modified substrate is already electrically 

charged is characterized in that the non-modified substrate 
carries adsorbed thereto a polymeric cationic surfactant 
that contains primary amino nitrogens as well as second- 
ary and/or tertiary amino nitrogens , the surface carrying 
20 iamino groups having such bonding properties that 

electrostatic bonding is essentially avoided if said 
primary amino groups are intended for covalent bonding 
of substances with a structurally related biological 

^activity . . , 

25 Polymeric cationic surfactants of the polyimine type 

are well-known agents per se for the treatments of cellu- 
lose in order to improve the retention of water. The fa- 
vourable effect achieved thereby has been explained as a 
"jack-in-the-box" effect which is obtained by allowing the 

30 polymeric cationic surfactant to be adsorbed at an alka- . 
line pH which imposes a relatively compressed structure 
to the molecule, whereupon it is enclosed by swelling when 
lowering the pH which makes the molecule expand. 

The effect as to charge density and wettability that 

35 can be achieved by direct adsorption of a polymeric cat- 
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ionic surfactant to commonly available rigid polymeric 
materials have proven to be quite insufficient as judged 
from practical experiments. According to the present in- 
vention, however, it was unexpectedly discovered that much 
improved surfactant characteristics were imparted to the 
polymeric cationinc surfactants if they were allowed to 
react with said dxaldehyde. An additional advantage is 
that the polymeric cationic surfactant acquires such qua- 
lities that it can exert a surprisingly strong electro- 
static binding with polymeric anionic compounds, 

A brief explanation of the resulting phenomena would 
be as follows, taking into account that the invention is 
by no means restricted to any special theory as to possib- 
le reaction mechanisms. The modification of the polymeric 
cationic surfactant imposes a strong increase of the hydro- 
phobic interaction with the substrate surface by allowing 
the primary amino groups to be involved in binding to the 
dialdehyde which makes the molecule even less charged. 
Concomitantly the three dimensional structure of the poly- 
meric surfactant becomes more rigid which creates favour- 
able conditions for a strong fixation of polymeric an- 
ionic compounds via multiple electrostatic bonding to the 
remaining secondary and tertiary amino groups . The charged 
groups may then be utilized for an electrostatic coupling 
of anionic substances, e.g. heparin or dextran sulphate, 
as will be further illustrated below. Accordingly the bond- 
ing of such anionic molecules according to the present in- 
vention has shown to be surpriBingly strong. This strong 
bonding or stability is for instance demonstrated by the 
fact that the anionic compound can still be detected after 
having incubated the complex with a buffer solution having 
a pH of 9. However, on the contrary, if the polymeric cat- 
ionic surfactant has not been treated with glutardialde- 
hyde, an instantaneous split of such a pomplex takes place 
at pH 9. As will be discussed ^below a polymeric' anionic' 
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compound can also be firmly bonded by multiple electro- 
static bonds via adsorption to a polymeric cationic sur- 
factant if the latter is adsorbed at a pH of less than 7 to a 
surface with a high negative surface charge density. 
5 According to a preferable embodiment of the inven- 

tion the polymeric cationic surfactant contains at least 
2, and preferably more than 2, primary amino groups in 
each polymer molecule. The preferred polymer would accord- 
ingly be referred to as a polyamine, but as the common 
10 nomenclature in the polymer field should be to denominate 
the polymer in respect of more or less dominating repeat- 
ing units in the main chain, another terminology will be 
used below. The preferred "polyamine" function according 
to the invention should, however, remain implied. 
15 Polyimines and polyamides are especially suitable 

polymeric cationic surfactants according to the invention, 
which substances thus carry secondary amino groups as do- 
minating units in the polymer chain apart from projecting 
primary amino groups. In the case of polyimines there is, 
20 however, as is known also a considerable proportion of 
tertiary amino groups in the chain, while the secondary 
amino groups in the case of polyamides of course exist 
as amide bonds . (-NCHO-) . 

An especially preferable type of polyimines is poly- 
25 alkylene imines , especially polyethylene imine . Besides, 
a generally preferred group of the polymeric cationic 
surfactants is the group which has 1-6 carbon atoms bet- 
ween the imino nitrogen atoms in the polymer chains. 

Examples of dialdehydes which are suitable according 
30 to the invention are succinic dialdehyde and glutardialde- 
hyde, of which glutardialdehyde is especially prefer- 
able. ' 

The initial adsorption of the complex obtained from 
the polymeric cationic surfactant and the dialdehyde re- 
55 suits in a substrate which can be furnished with positive 



BNSDOCID- <EP 0124676A1 J 



8 



01 24676 



surface charges. In case the i-'i'ved surface charge densi- 
ty is not accomplished through. such a single layer, a charge 
of the opposite sign is required or chemically reactive 
groups are wanted on the substrate surface, one continues 
with conventional ionic bonding of an anionic compound in 
the first place and then possibly alternatingly additional 
cationic and anionic substances. 

As to anionic compounds especially polymeric anionic 
compounds, preferably of the polysaccharide type, are of 
value for the performance of the invention. with reference 
to the industrial applicability when using this type of 
compounds as well as with reference to the excellent bind- 
ing of these compounds which is achieved according to the 
invention. Polysaccharides of particular interest are hepa- 
rin, dextran- sulphate, hyaluronic acid, and sulphated poly- 
xylan. 

A preferred embodiment of the surface modified sub- 
strate according to the invention is thus a substrate where 
in a polymeric anionic compound is inonically bonded to 
the adsorbed complex of polymeric cationic surfactant and 
dialdehyde. Optionally additional layers of a polymeric 
anionic compound may be ionically bonded to the surface 
by means of intermediate ionically bonded cationic layers, 
which may comprise the described complex of the polymeric 
cationic surfactant and the dialdehyde or merely the poly- 
meric cationic surfactant containing primary amino nitro- 
gens as well as secondary and/or tertiary amino nitrogens. 
A very valuable application of said embodiment is the case 
when the polymeric anionic compound is heparin. Heparin 
is thus a well-known anticoagulant and the binding of he- 
parin will be illustrated in more detail in the working 
examples below. 

When heparin is used as the polymeric anionic com- 
pound the primary objective is of course to take advan- 
tage of the inherent characteristics of heparin rather 
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than the negative charges which are created at the bond- 
ing of heparin. If, however, the main purpose is to create 
a negatively charged surface, it will be preferable to 
chose a polymeric anionic compound with a higher molecular 
5 weight than that of heparin (molecular weight 10,000 Dal- 
tons) . Accordingly, the stability of the ionic complex in- 
creases with the molecular weight of the adsorbed anionic 
compound. Dextran sulphate is a particularly preferred 
compound in such a case, as this compound is available 
10 as a high molecular weight substance (molecular weight 
rv* 500,000 Daltons) 

If a positively charged surface and/or a surface 
provided with chemically reactive primary amino groups 
are requested, a preferable embodiment of the invention 
15 means that to the adsorbed complex of polymeric cationic 
surfactant and dialdehyde there is ionically bonded a po- 
lymeric anionic compound, preferably of the polysaccharide 
type and for the above reason preferably dextran sulphate, 
and thereupon ionically bonded either the above-mentioned 
20 complex of the polymeric cationic surfactant and the di- 
aldehyde or merely the polymeric cationic surfactant con- 
taining primary amino nitrogens as well as secondary and/ 
or tertiary amino nitrogens. Thus, according to the latter 
alternative, in which only the polymeric cationic surfact- 
25 ant is used, the primary amino groups will be readily avail- 
able for covalent bonding to suitable groups that are re- 
active with primary amino groups. 

The invention also relates to a method for surface 
modifying a solid substrate -by introducing ionic charges 
30 or reactive groups onto the substrate surface. The charac- 
teristic :features of the method are that the substrate is 
contacted with a polymeric cationic surfactant which con- 
tains primary amino nitrogens as well as secondary and/or 
tertiary amino nitrogens, and a dialdehyde which has 1-4 
35 carbon atoms between the two aldehyde groups, at such con- 
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ditions that a complex is formed from the polymeric cat- 
ionic surfactant and the dialdehyde, which complex is ad- 
sorbed onto the substrate surface, and if additional modi- 
fication of the surface is required, that an anionic com- 
pound is ionically bonded to said complex carrying posi- 
tive charges, and optionally that the ionic bonding is 
continued with alternating cationic and anionic compounds, 

The method according to the invention is applicable 
to non- charged as well as charged substrate surfaces. The 
most common situation from a practical point of view, how- 
ever, is that the materials that would require a surface 
modification carry an insufficient surface charge density, 
which makes the method according to the invention especial- 
ly valuable for non-charged or weakly charged surfaces- 

However, another important aspect of the invention 
concerns the case when the original surface is already 
electrically charged and the effect of variation in pH 
at the adsorption of the polymeric cationic surfactant on 
the bonding strength of the complex formed during the sub- 
sequent adsorption of a polymeric anionic compound to the 

modified substrate, especially with primary amino groups. 

(Thus, the polymeric anionic compound is firmly bond- 
ed by multiple electrostatic bonds provided the polymeric 
cationic surfactant is adsorbed to a negatively charged sur 
fact at a pH of less than 7. This means that the effect is 
similar to that achieved upon treatment of the polymeric 
cationic surfactant with dialdehyde. On the contrary, such 
a strong bonding can be avoided if the polymeric cationic 
surfactant is adsorbed to the negatively charged surface 
at a pH of more than 8. Apparently, it is essential to avoi 
strong fixation due to multiple electrostatic interaction 
when the substrate is going to be used for conjugation via 
covalent bonding to the primary amino groups of a substance 
as e.g. heparin, having a biological activity which is clos 
ily related to its chemical structure. 
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Hence, accordin;^ to an embodiment of the in- . 
vention the method is characterized by contacting the 
substrate at a pH of less than 7, preferably within the 
range of 3-4, with a polymeric cationic surfactant that 
contains primary amino nitrogens as well as secondary and/ 
or tertiary amino nitrogens, and optionally ionically bond- 
ing thereto, at a pH of less than 7, preferably within the 
range of 2-4, a polymeric anionic compound, preferably of 
the polysaccharide type, especially heparin. 

According to another aspect o£ the invention a method 
is accomplished which is characterized by contacting the 
substrate at a pH above 8, preferably within the range 
of 8-10, with a polymeric cationic surfactant that con- 
tains primary amino nitrogens as well as secondary and/or 
tertiary amino nitrogens, whereby a substrate surface is 
obtained which carries amino groups hav- 
ing such bonding properties that electrostatic bonding is 
essentially avoided if said primary amino groups are in- 
tended for covalent bonding of substances with a structur- 
ally related biological activity. 

As to the conditions for the formation of the above- 
mentioned complex and its adsorption to the substrate sur- 
face, they are preferably implemented by performing the 
first contact with the substrate while utilizing the poly- 
meric cationic surfactant and the dialdehyde dissolved in 
a polar solvent, preferably water, at a pH above 8, and 
subsequently, if additional surface modification is to 
be performed, ionically bonding the anionic compound 
dissolved in a polar solvent, preferably water, at a pH 
of less than 7. The reaction with the dialdehyde may take 
place either in two steps, i.e by dissolving the polymeric 
c tionic surfactant and the dialdehyde separately in a 
pclar solvent, the surface treatment being performed 
firstly with one solution and then with the other, or in 
one single step, the polymeric cationic surfactant being 
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mixed with .the dialdehyde in the solvent and the resulting 
reagent being adsorbed to the substrate surface. In the first- 
mentioned case the treatment of the surface is carried out 
at a pH above 8 in both steps, while in the latter case 
5 the mixing of the two components is performed at said pH 
above 8, but the subsequent adsorption to the substrate 
surface may well take place at a different pH, 

When chosing a pH-value higher than 8, it is pre- 
ferable to chose a value within the range of 8-12, espe- 
10 cially 8-10 and most preferably around 9. As a pH-value 
less than 7 one should preferably choose a value with- 
in the range of 1-7, especially 2-4 and most preferably 
around 3* 

If the additional surface modification with an an- 
15 ionic compound is not to be carried out or is to be carri- 
ed out lateron, the treatment with the polymeric cationic 
surfactant and the dialdehyde can be interrupted by rins- 
ing the surface with the-^polar solvent, i.e. usually 
water, which t'lus generally means that the surface will 
20 acquire approy Lmately a neutral pH-value. If there will 
be a need for positive charges later on, the surface is 
treated with £ solution having an acidic pH, i.e. less 
than 7, preferibly 1-7, especially 2-4 and most prefer- 
ably around 3. 

25 As concerns the aspects on the most preferred poly- 

meric cationic surfactants and dialdehydes as well as on 
the substrate, - which apply to the method according to the 
invention, the same is applicable as is described above 
in connection with the product, i.e. the surface modified 

30 substrate. 

As to the treatment with the polymeric cationic 
surfactant and the dialdehyde in a polar solvent one should 
preferably use solutions having a concentration of the 
polymeric cationic surfactant of 0.0001 - 1, preferably 

35 0.0001 - 0.005, percent by weight and 0.01 - 2, prefer- 
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ably 0.1 - 1, percent by weight of the dialdehyde. 

According to yet another especially preferable em- 
bodiment of the method according to the invention NaCl . 
is added to the solution of the anionic compound refer- ' 
5 red to above to increase the polarity of the solution, 
which should make the above described reorientation of 
the anionic compound even more efficient. The addition 
of NaCl should preferably be made to a final concentra- 
tion of 0.01 - IM, preferably about 0.15M* 
10 In connection with the surface-modified substrate 

it was previuosly mentioned that polymeric anionic com- 
pounds, preferably of the polysaccharide type, would be 
particularly suitable as anionic compounds, and the same 
of course holds true also for the method according to 
15 the invention • Heparin, dextran sulphate, hyaluronic acid 
and sulphated polyxylan are thus the most suitable poly- 
saccharides also in this case. 

From the description above it should be evident 
that a preferred embodiment of the method according to 
20 the invention means that a polymeric anionic compound, 

preferably of the polysaccharide type, is ionically bond- 
ed to a complex of the polymeric cationic surfactant and 
the dialdehyde which is adsorbed to the substrate surface 
and that optionally the ionic bonding of the polymeric 
25 anionic compound is continued in additional layers. Accord- 
ingly the method results in the creation of a negatively 
charged surface which may sometimes be the primary ob- 
jective, but another valuable aspect of this embodiment 
relates to the use of heparin as the polysaccharide, the 
30 inherent characteristics of heparin being of primary im- 
portance, in accordance with what has already been de- 
scribed above. When it comes to continued ionic bonding 
of the polymeric anionic compound in additional layers, 
it should be pointed out that this bonding can be accomp- 
35 lished either by means of the complex of the polymeric 
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cationic surfactant and the dialdehyde or merely by using 
the polymeric cationic surfactant disclosed above. 

A particularly interesting alternative of the last-men- 
tioned embodiment comprises the ionic bonding of an an- 
ionic compound giving a high negative surface charge den- 
sity, e.g, dextran sulphate, onto the surface-adsorbed 
complex of the polymeric cationic surfactant and the di- 
aldehyde, and subsequently the ionic bonding of only the 
polymeric cationic surfactant at a pH of less than 7, 
preferably within the range of 3 - 4 , and then the ionic 
bonding of the polymeric anionic compound at a pH of less 
than 7, preferably within the range of 2-4. By doing so 
it was unexpectedly discovered that the bonding of only 
the polymeric cationic surfactant results in the forma- 
tion of a matrix of positive charges which can be utiliz- 
ed for the- formation of a stable ionic complex with a poly- 
meric anionic compound. Thus, if for instance heparin is 
bonded to the polymeric cationic surfactant at such con- 
ditions a surface will be obtained to which heparin re- . 
mains firmly bonded even on contact with blood plasma. 
This effect is surprising in comparison with the unstable 
complexes formed when the polymeric cationic surfactant 
is adsorbed to a weakly charged surface or at a pH value 
above 7 . 

Yet another important embodiment of the method accord- 
ing to the invention means that after the first adsorption 
of the complex of the polymeric cationic surfactant and 
the dialdehyde an anionic compound, preferably a poly- 
saccharide, such as dextran sulphate, is bonded to the 
surface, and that additional ionic bondings is then carried 
out with the previously defined polymeric cationic surfact- 
ant only. Last-mentioned ionic bonding of merely the poly- 
meric cationic surfactant may take place at a pH within 
the range of 2-10, the general rule being that a value 
within the lower part of the pH range is chosen when the 
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primary objective is to create a surface with positive 
charges, whereas a pH value towards the alkaline side 
is chosen if the primary objective is to attach reactive 
primary amino groups to the surface rather than to intro- 
duce positive charges. 

The invention will now be further illustrated by the 

following non-limitative examples. 
Examples . 

As to the examples below, it should be noted that 
the percentages are by weight, unless expressly stated 
otherwise . 
Example 1 . 

Poiymiri SN^ (BASF3 , which is a branched polyamine, was 
purified by precipitation in isopropanol, and the precipi- 
tate was then resuspended in water, and the remaining 
amount of isopropanol ' was evaporated by means of a thin 
film evaporator. A standard solution of 0 . 5 per cent by 
weight was prepared. 

Polyethylene tubings with an inner diameter of 1.8 
mm and a length of 100 cm were prepared as follows: 

A. Incubation for 10 minutes at room temperature with 
0.5% Polymin SN solution at a pH of 9.0 followed by rins- 
ing with water. 

B. Treatment according to A, followed by treatment with 
0.5% of glutardialdehyde in a borate buffer pH 9.0 for 10 
minutes at room temperature, followed by rinsing with 
water. 

C. Incubation for 10 minutes at room temperature with a 
0.005% Polymin SN solution at pH 9.0, followed by rinsing 
with water. 

D. Treatment according to C followed by treatment with 
0.5% of glutardialdehyde in a borate buffer at pH 9.0 for 
10 minutes at room temperature, followed by rinsing with 
water . 

E. To a 0.5% solution of glutardialdehyde in a borate 
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buffer at a pH of 9.0 there was added during agitation 
Polymin SN to a final concentration of 0.0051. Polyethyl- 
ene tubings were incubated with a solution thus prepared 
for 10 minutes at room' temperature , followed by rinsing 
with water - 

Tubings from the groups A and C displayed poor wett- 
ability, while those from groups B, D, and E displayed re- 
markedly good wettability. 

In order to detect surface bonded positive charges, 
tubings from each group were tested as follows. At first 
• tubings from each group were incubated with a water solu- 
tion of heparin (20 lU/ml) , pH 3, S5°C, 5 min) and then 
the tubings were carefully rinsed. The amount of surface 
bonded heparin was then assayed semiquantitatively in the 

15 following way. 

The assay is based on the fact that thrombin is bound 
to heparin (or other polysaccharides) , whereafter the amount 
of surface bound thrombin is measured by reaction (hydro- 
lysis) with a thrombin-specific substrate, S-2238 "(Kabi 
Diagnostica) , the rate of reaction of which can readily 
be determined spectrophotometrically . From a practical 
point of view, the assay is carried out in such a way that 
4 5 cm of the test tubing is first incubated for five mi- 
nutes with 0.5 ml of bovine thrombin dissolved in a A% 
25 albumin solution to- a final concentration of 20 NXH units/ 
/ml (NIH=National Institute of Health) . The surface is 
then carefully rinsed with saline and the remaining amount 
of thrombin is determined by incubation for 45 seconds 
with 1 ml of substrate S-2238 dissolved according to the 
instructions given by the manufacturer in a buffer solu- 
tion at a pH of 8.4. 

The amount of surface bound thrombin and, hence, 
also the amount of available heparin becomes proportional 
to the proportion of reacted substrate. The values are 
35 measured in absorbance units (abs. units), values be- 
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low 0.004 abs.units/cm^ indicating an insufficient and 
values of more than 0-020 abs . units/ cm indicating a suf- 
ficiently high binding capacity of the surface bonded 
heparin. 

5 The following results were obtained: 

2 

Group A 0.001 abs • units/cm 
B 0,028 
C 0.000 " 
" D 0.027 - ' " 

10 E 0.027 

The example shows that it is only the combination 
of the polymeric cationic surfactant and glutardialdehyde 
which gives the desired effect. 
Example 2 

15 The following polymeric cationic surfactants were 

used: 

1) Polymin P ^ (BASF): a linear polyethyleneamine , 

2) Kymene 557 H ^ (Herlcules Kemiska AB) : a polyamide, 

3) Nalco 7134 ^ (Nalco Chemical Company) : a low mole- 
20 cular weight polyamine, 

4) Nalco 8102 (Nalco Chemical Company) ; a quaterniz- 
ed polyamine , 

5) Kymene 435 ^ (Herkules Kemiska AB) ; a ureaf ormalde- 
resin, 

25 6) Polymin SN ^ (BASF): a branched polyamine. 

The substances /were purified in the same way as was 
described for Polymin SN in example 1, Polyethylene tubings 
with a length of 45 cm and an inner diameter of 1.8 mm 
were used for the test. 

30 A. Tubings were incubated for 10 minutes at room tem- 
perature with a 0.5% by weight water solution of each of 
said six polymeric cationic surfactants at a pH of 9 . 

The tubings were then rinsed in water, whereupon a 
treatment was performed with 0.5% glutaraldehyde in a bor- 

35 ate buffer at pH 9 for 10 minutes at room temperature, 
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followed by rinsing with water. 

B. A 0.5% solution of glutardialdehyde in a borate 
buffer was prepared at pH 9, to which there was added each 
of the above-mentioned cationic surfactants during agita- 
tion to a final concentration of 0.0151. Tubings were in- 
cubated with each of the accordingly prepared solutions 
for 10 minutes at room temperature. Finally the tubings 
were rinsed in water. 

Tubings from each of groups A and B were examined 
in respect of water wettability, which was ranged from 
+ Cpobr) to +++ (cojnplete) . All tubings except A4, AS, and 
B4, B5 displayed wettability, (see Table). 

In order to quantify the density of surface bonded 
positive charges, all tubings were incubated in heparin 
whereafter the amount of surface bonded heparin was de- 
termined according to the description given in Example 1. 
The results from such a test are given in the following 
table. 



Test 


Substance 


Chemical 1 


Wettability 


2 

Abs -tmits/ cm 


Characteris- < 
tics 


3r. A 


Gr. B 


Gr. A. 


Gt. B 


1 


Polymin 


Linear poly- 


4- + 




0.052 


0.024 




Kymene 55^ 


ethyl eneimine 










2 


Poly amide 


+ + 




0.039 


0.036 


3 


Nalco 713^ 


Low molecular 














weight poly- 












Nalco 


amine 






0.038 


0 .035 


4 


Quarternized 














polyamine 






0.012 


0.003 


5 


Kymene 4 3^ 


Carbamide- 












formaldehyde 












Polymin 


resin 






0,026 


0,024 


6 


Branched po- 






0 .034 


0.042 




lyamine 
I 




1 







The test shows that a quaternized polyamine does not 
work as a reaction agent for preparing a surface modifica- 
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tion substance. Ureaf ormaldehyde produces a doubtful 
effect. These substances do not carry those primary amino 
groups which are crucial for the reaction with glutardi- 
aldehyde. The test thus shows that merely cationic sur- 
5 factants which contain both primary and secondary (and/or 
tertiary) amino nitrogens work as reaction agents for sur- 
face modification. The degree of branching is not critical, 
nor is the molecular weight of the polymer. 
Example 3 

10 The following solutions were prepared: 

A, A solution containing a complex of Polymin SN and 
glutaraldehyde at pH 9 was prepared according to Example 
IE. 

B. 100 mg of dextran sulphate was dissolved in 1 liter 
15 of water. Sodium chloride (NaCl) was added to a final con- 
centration of 0.15 M. The pH was finally adjusted to 3.0. 

Tubings or tubes of the following materials were 

used; 

Polyethylene Polyure thane 

20 PVC Silicon rubber 

Teflon ® Stainless Steel 

Polystyrene Glass 

The different materials were treated firstly with A 
for 10 minutes at room temperature and afterrrinsing with 
25 water additionally with B for 10 minutes at 55^C. The pro- 
cedure was repeated once on all materials except for sili- 
con rubber for which the sequence was repeated four times . 

The.. amount of surface bonded dextran sulphate was 
determined by assay of the amount of thrombin that had 
30 been adsorbed to the surface according to the method de- 
scribed in Example 1. The following results were obtained: 
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Material ahs .unit- / cm\ 

Polyethylene 0.035 
Polypropylene 0.0 30 

PVC 0.040 
5 Teflon ^ 0,020 
Polystyrene 0.050 
Polyurethane 0.020 
Silicon rubber 0.020 
Stainless Steel 0,078 
10 Glass 0,070 

The result? show that all test surfaces can be modi- 
fied according to the disclosed procedure. 
Example 4 

During agitation Polymin SN was added to make up for 
15 a final concentration of 0.005% to a 0.5% solution of glu- 
tardi aldehyde in a borate buffer at a pH of 9,0. Tubings 
of polyethylene were incubated with this solution for 5 
minutes at room temperature, followed by rinsing with wa- 
ter. The tubings were then divided into three groups. 
20 A, Incubation with a water solution of dextran sulphate 
having an average molecular weight of 10,000 (0.5 mg/ral, 
0.15 M NaCl, pH 3, 60^C, 5 min) , followed by rinsing with 
water. 

B. Incubation with a water solution of dextran sulphate 
25 having an average molecular weight of 500,000 (0-^ mg/ml, 

0.15 M NaCl, pH 3, 60^C, 5 min), followed by rinsing with 
water. 

C, Incubation with a water solution of SP54 (sulphated 
polyxylan) (0-^ mg/ml, 0.15 MNaCl, pH 3, 60°C, 5 min), 

30 followed by rinsing with water. 

The tubings were then tested according to Example 1 
in respect of adsorption of thrombin - The following results 
were obtained . 1 

35 



BNSDOCiD <£P 0124676A1^I . 



21 



01 24676 



2 

A. 0.027 abs .units/cm 

B. 0.023 

C. 0.026 »i M 
Example 5 

5 Tubings of polyethylene were treated as follows: 

A. Polymin SN was added to make up for a final concen- 
tration of 0.005% to a 0,5% solution of glutardialdehyde 
in a borate buffer at pH 9-0. Tubings were incubated with 
this solution for 5 minutes at room temperature, which was 
10 followed by rinsing with water. This step was followed by 
incubation with a 'water solution of heparin (20 lU/ml, 
pH 3, 0.15 M NaCl, 60^C, S min) , which was followed by 
rinsing first with a borate buffer at pH 9.0 and then with 
water . 

15 B. Tubings from this group were treated exactly as acc-- 
ording to A, but the sequence comprising a Polymin-glutar 
solution followed by a heparin solution was carried out 
twice in total. 

The tubings were then tested in respect of thrombin 

20 adsorption according to the description given in Example. 

1. The following results were obtained: 

2 

A. 0.038 abs. units/cm 
E. C.039 

In a separate test the heparin surfaces were tested 
25 in respect of adhesion of platelets. The tubings were cir- 
culated with fresh .human citrated blood for 20 minutes and 
then rinsed in a standardized way with saline. Eventually 
ATP (adenosine triphosphate) was extracted from the adher- 
ed platelets with a buffer solution and the amount of ATP 
30 was determined. The following results were obtained. 

Untreated polyethylene 1930 -lO""^-^ mmol of ATP/ cm 

Group A 818-10"^^ " " 

Group B 20.10~11 

The results show that the substrate surface (poly- 
35 ethylene) was completely covered by a platelet repellant 
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heparin layer by the procedur- h^'ed -^r two sequences 
(case B) . 
Example 6 

Tubings of polyethylene were treated as follows, 
Polymin SN was added to make up for a final concen- 
tration of 0.005% to a 0.5% solution of glutaraldehyde in 
a borate buffer at pH 9,0. Tubings were incubated with this 
solution for 5 minutes at room temperature which was follow- 
ed by rinsing with water. Then an incubation was carried 
out with a water solution of high molecular weight dextran 
sulphate (average molecular weight of 500,000, 0.1 mg/ml, 
pH 3, 0.15 M NaCl, 50^ C, 5 rain) and the tubings were then 
rinsed with water. The described sequence was repeated 
once. A treatment was then made with a 0.05% water solu- 
tion of Polymin SN at pH 3.5 for 5 minutes at room tempe- 
rature, followed by rinsing with water. Finally a treat- 
ment was made with a water solution of hyaluronic acid 
(0.1 mg/ml^ pH 3, 0.15 M NaCl, 50*^C, 5 min) . The same pro- 
cedure was exactly repeated while using heparin (20 lU/ml, 
pH3, 0.15 M NaCl, 50°C, 5 min) instead of hyaluronic acid. 
The tubings were then divided into two groups, the first 
of which was rinsed only with water and the second one 
first with a buffer solution at pH-9.0 and then abundant- 
ly with water. 

The tubings were then tested in respect of uptake 
of thrombin according to the description given in Example 
1. The following results were obtained. 





Water rinsing 


Incubation at pH 9.0 




only 


followed by rinsing 






with water 




abs -units/cm^ 


abs . units/cm^ 


Hyaluronic acid 


0.034 


0.033 


Heparin 


0.032 


0.034 



This example shows that hyaluronic acid and heparin 
were firmly attached to the surface. 
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Example 7 

Tubings of polyethylene were treated as follows. 
Polymin SN was added to make up for a final concen- 
tration of 0.005% to a 0.5% solution of glut araldehyde in 
5 a borate buffer at pH 9.0. The tubings were incubated with 
this solution for 5 minutes at room temperature followed 
by rinsing with water. An incubation was then made with a 
water solution of high molecular weight dextran sulphate 
(average molecular weight of 500,000, 0.1 mg/ml, pH 3, 

10 0.15 M NaCl, 50^C, 5 min) , whereupon the tubings were 
rinsed with water. The described sequence was repeated 
once more. A treatment was then made with a 0.05% water 
solution of Polymin SN at pH 9.0 for 5 minutes at room 
temperature, which was followed by rinsing with water. 

15 |To the substrate modified accordingly heparin was linked by 
using a heparin that had been furnished with a free terminal 
aldehyde group by means of diazotization. To that effect 
the tubings were incubated with a water solution (pH 3,9, 

0. 15 M NaCl) containing 0.25 mg/ml of diazotized heparin 
20 and 0.025 mg/ml of sodium cyanoborohydride f or two hours 

at 5D*^C. The treatment was terminated by a careful rins- 
ing with water. 

The heparinized tubings were subsequently tested in 
the same way as was described in Example 5, and the follow- 
25 ing results were obtained. 

1. An uptake of thrombin without prior exposure to plasma 
resulted in 0.032 abs .units/cm^ . 

The method for measuring surface-bonded thrombin 
can also be applied to the testing of the non-thrombogenic 

30 character of a surface. For this purpose the test surface 
is first exposed to human citrated plasma for 60 minutes 
in order to establish the relevant protein adsorbate on 
the surface. After this exposure the test items are sepa- 
rated into two groups. The first group (I) is rinsed only 

35 with saline but the other group is also incubated with de- 
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i 



fibrinogenated plasma (i.e. pla ^-^at has been depleted 
o£ fibrinogen and is therefore no^ capable of forming a 
clot). The criteria to be met by a non-thrombogenic sur- 
face are that the uptake of thrombin, which is measured 
5 as described, should amount to at least 0.020 abs. units/ 
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20 
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30 



/cm 



in group 1 and should be less than 0.0020 abs. units/ 



/cm^ in group II. The following results were obtained. 



Group (I) 

Rinsing with saline oiily 



Group (11) 
Saline + def ibrinogenated 
plasma 

^ 2 
0.0004 abs.units/cm 



1750 -lO""^*^ mmol ATP/cm^ 
29-10"^^ 



0 .029 abs .units/ cm 
3. Platelet adhesion test: 
Untreated polyethylene 
Heparinized " 

This example shows that the heparinized surface has 
excellent non-thrombogenic characteristics. 

The example also illustrates the general method, 
which has been described above and. which comprises a surface 

1 modification for the purpose of creating a substrate with 
free primary amino groups, which can be covalently linked 
to groups that react with primary amino groups. 

In this case, the binding takes place to heparin 
which has been degraded by diazotization to form a sub- 
stance fragment with a free terminal aldehyde group. This 
aldehyde group then reacts with the primary amino groups 
of the substrate to form a Schiff^s base, which is con- 
verted to a secondary amine by reduction. 

The conjugate that is obtained by the coupling can 
accordingly be defined as a conjugate consisting of a 1- 
'j-deoxy-2 , 5-anhydromannitol residue, which forms the term- 
iinal unit of a polysaccharide, which is in this case de- 
irived from heparin, and which is covalently ^bbund in the 
il-position to an amino group attached to the substrate. 
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The diazotization of heparin is preferably carried 
out in a water solution by means of a suitable diazotiza- 
tion agent, e.g. a nitrite, such as sodium nitrite in an 
acid solution or butylni trite . The diazotization agent is 
generally an ager^t capable of forming NO+ions. 

The reaction between the aldehyde group and the ami- 
no group of the substrate can take place in water at a 
pH of 3 - 7 or within the same pH range in a suitable 
organic solvent, e.g, formamide or dimethyl sulphoxide. 

As to the reduction, finally, it is carried out by 
means of a suitable reduction agent, e.g. a cyanoborohyd- 
ride, preferably of an alkali metal, such as sodium, po- 
tassium or litium, for the formation of stable secondary 
amines . 

The reaction between the aldehyde group of the modi- 
fied heparin and the amino group of the substrate can be 
illustrated by the following reaction formula: 



Example 8 

Polyethylene tubings were filled with concentrated 
sulphuric acid containing potassium permanganate (2 g/l) 
and incubated for two minutes and then carefully rinsed 
with pure water. This treatment results in a'.high negative 
surface charge by the introduction of carboxylic and sul- 
phate groups. The tubings were then provided with surface 
bonded amino groups according to two different treatments. 

A, Incubation for five minutes at room temperature with 
a 0.01% water solution of polyethyleneimine at a pH of 
3.0 followed by rinsing with water, 

B. Incubation for five minutes at room temperature with 
a O.Ol'o water; solution of polyethyleneimine at a pH of 
9.0 followed by rinsing with water. 



The aminated surfaces were then treated with heparin 
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according to the following tKC s^rcups. 
Ionic bonding : Incubation for two hours at 50 C with a 
water solution containing Unmodified heparin (0,2 mg/ml) 
and sodium chloride (0.15 M) at a pH of 3,5 followed by 
5 extensive rinsing with water, 

Covalent bonding : Incubation for two hours at 50 C with a 
water solution containing partially degraded heparin (0.2 
mg/ml], sodium cyanoborohydride (0.02 mg/ml) and sodium 
chloride (0.15 M) at a pH of 3.5 followed by rinsing with 
10 water. 

The tubings were then tested for their capacity of 
adsorbing thrombin according to example 1. Half of the 
tubings of each group were rinsed with a borate buffer 
solution having a pH of 9 before testing. The following 
15 results were obtained. 



20 



Type 


of Surface 


Type of rinsing prior 






to exposure to thrombin 






H^O 


H20+Buffer pH 9 


A. - 


ionic bonding 


0.030 


0.030 


A - 


covalent bonding 


0.032 


0.031 


B - 


ionic bonding 


0.00 


0.00 


B - 


covalent bonding 


O.034 


0.035 



This test shows that heparin is firmly bonded to 
the surface of type A,not only via covalent bonding but 
as well via ionic bonding. On the B surface, however, the 
ionic bonding is so weak as to allow heparin to be washed 
away already during exposure to thrombin. Hence, it is 
only via the covalent bonding that heparin can be firmly 
attached to this surface. 

The tubings were next tested for their non-thrombo- 
genic character by measuring the adsorption and subsequent 
inhibition of thrombin according to the description given 
in Example 7. The following results were obtained. 
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Type 


of Surface 


Surface bonded thrombin 
activity expressed as 
abs , units/ cm^ after ex- 
posure to: 






Saline 
Group I 


Def ibrinogenated 
Plasma, Group II 


A - 


ionic bonding 


0.031 


0.050 


A - 


covalent bonding 


0-032 


0.029 


B - 


ionic bonding ' 


0.00 




B - 


covalent bonding 


0-033 


0-00 



This test shows that both ionic and: covalent bonding 
of heparin to the A surface results in a thrombogenic cha- 
racter due to the fact that the adsorbed thrombin will not 
be inhibited on exposure to plasma. It is only heparin 
which has been linked to th6 B surface via covalent bond- 
ing that exerts a biological activity in terms of inhibi- 
tion of surface bonded thrombin. 

This example clearly illustrates the crucial impor- 
tance of choosing *the appropriate substrate for a success- 
ful immobilization of heparin, which means that the active 
sequence responsible for the biological activity of hepa- 
rin has not been immobilized but is free to interact with 
plasma constituents . 
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We claim: 

1. A surface modified solid substrate, especially 
a hydrophobic material, e.g. a polymeric material, charac- 
terized in that the substrate carries a complex adsorbed 

5 thereto which complex is of a polymeric cationic sur- 
factant, that contains primary amino nitrogens as well 
as secondary and/or tertiary amino nitrogens, and a 
dialdehyde, that has 1-4 carbon atoms between the two 
aldehyde groups, and that there are optionally bonded to 
10 said complex, via ionic- binding, an anionic compound and 
optionally alternatingly additional cationic and anionic 
compounds, whereby the modified substrate surface may be 
positively or negatively charged* 

2, A surface modified solid substrate, especially 
15 a polymeric material, the original non -modified substrate 

being electrically charged, characterized in that the 
non-modified substrate carries adsorbed thereto a polymeric 
cationic surfactant that contains primary amino nitrogens 
as well as secondary and/or tertiary amino nitrogens and 
20 optionally ionically bonded to said surfactant a poly- 
meric anionic compound, preferably of the polysaccharide 
type, most preferably heparin • 

3* A surface modified solid substrate, especially 
a polymeric material, the original non -modified sub- 
25 strate being electrically charged, characterized in that 
the non-modified substrate carries adsorbed thereto a 
polymeric cationic surfactant that contains primary amino 
nitrogens as well as secondary and/or tertiary amino 
nitrogens, the modified surface carrying amino groups 
30 'having such bonding properties that electrostatic bonding 
is essentially avoided if said primary amino groups are 
intended for covalent bonding of substances with a struc- 
turally related biological activity. 

4. A surface modified substrate according to any- 

35 

t 

I 

BNSDOCIO- <EP 012*r>76AJ J./, 



2 



01 24676 



one of claims 1-3, characterized in that the poly- 
meric cationic surfactant contains at least two pri- 
mary amino groups in each polymer molecule* 

5* A surface modified substrate according to 
5 anyone of the preceding claims, characterized in that 
the polymeric cationic surfactant is a polyimine or 
^ polyamide . 

6. A surface modified substrate according to 

g claim 5, characterized in that the polyimine is a poly- 

10 alkyleneimine* 

7, A surface modified substrate according to any- 
one of the preceding claims, characterized in that the 
polymeric cationic surfactant has 1-6 carbon atoms 
between the amino nitrogen atoms in the polymer molecule. 

a ^5 8. A surface modified substrate according to 

claim 6 or 7, characterized in that the polyalkyleneimine 
is a polyethyleneimine. 

9, A surface modified substrate according to 
anyone of the preceding claims, characterized in that 

20 the dialdehyde is glutardialdehyde . 

10. A surface modified substrate according to 
anyone of the preceding claims, characterized in that 
the substrate is stainless steel, glass or a polymeric 
material selected from polyvinylchloride, polyurethanes , 

25 silicon rubber, polytetraf luoroethylene , polystyren, and 
polyolefins, especially polyethylene, 

^ 11- A surface modified substrate according to any- 

one of the preceding claims, characterized in that there 

,^ is ionically bonded to the adsorbed complex of polymeric 

1 30 cationic surfactant and dialdehyde a polymeric anionic 

compound, preferably of the polysaccharide type, and that 
optionally additional layers of the polymeric anionic compound are ' 
ionically bonded to the surface by means of intermediate 
ionically bonded layers of said complex of the polymeric 

^ cationic surfactant and the dialdehyde or of the polymeric 
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cationic surfactant alone, which contains primary 
amino nitrogens as well as secondary and/or tertiary 
amino nitrogens, 

12. A surface modified substrate according to 

5 anyone of claims 1-10, characterized in that there is 
ionically bonded to the adsorbed complex of polymeric 
cationic surfactant and dialdehyde a polymeric anionic 
compound, preferably of the polysaccharide type, and 
thereupon, ionically bonded as well, said complex of 
10 the polymeric cationic surfactant and the dialdehyde, or 
the polymeric cationic surfactant alone, which contains 
primary amino nitrogens as well as secondary and/or 
tertiary amino nitrogens. 

13. A surface modified substrate according to 
15 anyone of claims 11 and 12, characterized in that 

the polysaccharide is selected from heparin, dextran 
sulphate, hyaluronic acid and sulphated polyxylan. 

14. A surface modified substrate according to 
claim 13, characterized in that the polysaccharide is 

20 heparin. 

15. A surface modified substrate according to 
anyone of claims 11 and 12, characterized in that the 
polysaccharide is dextran sulphate. 

16. A method of surface modifying a solid substrate, 
25 especially a hydrophobic material, e.g. a polymeric 

material, by introducing ionic charges onto the substrate 
surface, characterized by contacting the substrate with 
a polymeric cationic surfactant that contains primary 
amino nitrogens as well as secondary and/or tertiary 
30 amino nitrogens, and a dialdehyde that contains 1-4 

carbon atoms between the two aldehyde groups, at such 
conditions that a complex of the polymeric cationic sur- 
factant and the dialdehyde is formed, which is adsorbed 
to the substrate surface, and if additional surface modi- 
35 fication is required, ionically bonding an anionic com- 



8NSDOCID -:EP„0124676A) .l.> 



4 



01 24676 



pound to said complex exhibiting positive charges and 
optionally continuing the ionic bonding with alterna- 
ting cationic and anionic compounds. 

17- A method of surface modifying an electrically 
5 charged solid substrate, especially a polymeric material, 
characterized by contacting the substrate at a pH of 
less than 7, preferably within the range of 3-4, with 
a polymeric cationic surfactant that contains primary 
amino nitrogens as well as secondary and/or tertiary 
10 amino groups and optionally ionically bonding thereto, 
at a pH of less than 7, preferably within the range 
of 2-4, a polymeric anionic compound, preferably of the 
polysaccharide type, especially heparin. 

18 • A method of surface modifying an electrically 
15 charged solid substrate, especially a polymeric material, 
characterized by contacting the substrate at a pH 
above 8, preferably within the range of 8-10, with a 
polymeric cationic surfactant that contains primary 
amino nitrogens as well as secondary and/or tertiary 
20 amino groupf , whereby a substrate surface is obtained 
which has an.lno' groups having' such bon- 
ding properties that electrostatic bonding is essentially 
avoided if said primary amino groups are inter'^.ed for 
covalent bonding of substances with a structurally rela- 
25 ted biological activity, 

19. A method according to claim 16, characterized 
by performing the first contact with the substrate while 
using the polymeric cationic surfactant and the dialde- 
hyde dissolved separately or together in a nolar solvent, 
^0 preferably water, and at a pH-value higher :\an 8, 

the treatment being carried out with separa ^ solutions 
in two steps or with a mixture in one step, and then 
making a rinsing operation with the polar solvent, pre- 
ferably a.^justed to a pH of less than 7, or, if additio- 
ns nal surface modification is required, ionically bonding the 
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compound dissolved in a polar solvent, preferably water, 
at a pH-value of less than 7. 

20. A method according to claim 19, characterized 
by choosing as the pH-value higher than 8 a value within 
the range of 8-12, especially 8-10, most preferably about 
9, and choosing as the pH-value of less than 7 a value 
within the range of 1-7, especially 2-4, preferably 
about 3. 

21* A method according to anyone of claims 16-20, 
characterized in that the polymeric cationic surfactant 
contains at least two primary amino groups in each polymer 
molecule . 

22. A method according to anyone of claims 16-21, 
characterized in that the polymeric cationic surfactant 

^ 15 is a polyimine or polyamide, 

23. A method according to claim 22, characterized 
in that the polyimine is a polyalkyleneimine . 

24. A method according to anyone of claims 16-23, 
characterized in that the polymeric cationic surfactant 

20 has 1-6 carbon atoms between the amino nitrogen atoms 
in the polymer molecule. 

25. A method according to claim 23 or 24, charac- 
terized in that the polyalkyleneimine is polyethylene- 
imine, 

26. A method according to anyone of claims 16-25, 
characterized in that the dialdehyde is glutardialdehyde , 

27. A method according to anyone of claims 16-26, 
characterized in that the substrate is stainless steel, 
glass or a polymeric material selected from polyvinyl- 
chloride, polyurethanes , silicon rubber, polytetraf luoro- 
ethylene, polystyren and polyolef ines , especially poly- 
ethylene . 

28. A method according to anyone of claims 17-27, 
characterized in that the concentration of the solution 

55 in respect of the polymeric cationic surfactant is 



30 



mSDOCID: <EP 012a676At 



01 24676 



11 



0.0001-1, preferably 0,0001-0-5, per cent by weight, 
and in respect of the dialdehyde 0*01-2, preferably 
0,1-1, per cent by weight, 

29. A method according to anyone of claims 17-28, 
5 characterized by adding NaCl to the solution of the 

anionic compound to make up for a final concentration of 
0 • Ql-1 preferably about 0.15 M,to increase the polarity 
of the solution. 

30. A method according to Anyone of claims 16 or 
10 19-29, characterized by ionically bonding a polymeric 

anionic compound, preferably of the 'polysaccharide type, 
to the complex of the polymeric cationic surfactant 
and the dialdehyde adsorbed to the substrate surface, 
and optionally continuing the ionic bonding of the poly- 

15 meric anionic compound to make up for additional layers, 
said complex of the polymeric cationic surfactant and 
the dialdehyde or solely the polymeric cationic sur- 
factant that contains primary amino nitrogens as well 
as secondary and/or tertiary amino nitrogens being 

20 ionically bonded between the anionic layers. 

31. A method according to claim 30, characterized 
by ionically bonding dextran sulphate to the complex of 
the polymeric cationic surfactant and the dialdehyde 
adsorbed to the substrate surface, and th.-n ionically 

25 bonding merely the polymeric cationic surfactant at a 
pH of less than 7, preferably within the range of 3-4, 
and subsequently ionically bonding the polymeric anionic 
compound at a pH of less than 7, preferably within the 
range of 2-4, 

30 32. A method according to anyone of claims 16 or 

19-29, characterized by ionically bonding 
to the complex of the polymeric cationic surfactant 
and the dialdehyde, an anionic compound, preferably a 
polysaccharide, such as dextran sulphate, to the surface, 

35 and subsequently performing additional ionic bonding. 
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at a pH within the range of 2-10, with solely the poly- 
meric cationic surfactant containing primary amino 
nitrogens as well as secondary and/or tertiary amino 
nitrogens • 

33, A method according to anyone of claims 30-32, 
characterized by selecting the polysaccharide among 
heparin, dextran sulphate, hyaluronic acid and sulphated 
polyxylan^ 

34. A method according to claim 33, characterized 
in that the polysaccharide is heparin. 
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